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Abstract
This paper investigates static spherically symmetric traversable
wormhole solutions in f(G, T ) gravity (G and T represent the Gauss-
Bonnet invariant and trace of the energy-momentum tensor, respec-
tively). We construct explicit expressions for ordinary matter by tak-
ing specific form of red-shift function and f(G, T ) model. To analyze
possible existence of wormholes, we consider anisotropic, isotropic
as well as barotropic matter distributions. The graphical analysis
shows the violation of null energy condition for the effective energy-
momentum tensor throughout the evolution while ordinary matter
meets energy constraints in certain regions for each case of matter
distribution. It is concluded that traversable WH solutions are phys-
ically acceptable in this theory.
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1 Introduction
Gauss-Bonnet (GB) invariant has a significant importance in higher dimen-
sional theories as well as in describing the early and late-times cosmic evo-
lution. It is a quadratic curvature invariant of the form G = RαβγδRαβγδ −
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4RαβR
αβ+R2, where Rαβγδ, Rαβ and R represent the Riemann tensor, Ricci
tensor and Ricci scalar, respectively. This quadratic invariant is a four-
dimensional topological term and is free from spin-2 ghost instabilities [1].
Nojiri and Odintsov [2] added the generic function f(G) in the Einstein-
Hilbert action (dubbed as f(G) gravity) to explore the dynamics of GB in-
variant in four dimensions. This modified theory is consistent with solar
system constraints as well as endowed with a quite rich cosmological struc-
ture [3]. It is interesting to investigate the effects of non-minimal coupling
between curvature and matter on cosmic evolution. Recently, we have estab-
lished this curvature-matter coupling in the action of f(G) gravity named as
f(G, T ) gravity [4]. We have found that energy-momentum tensor is not con-
served due to the presence of non-minimally curvature-matter coupling. This
non-conservation produces an extra force due to which dust particles move
along geodesic lines of geometry while non-geodesic trajectories are followed
by massive particles. The background of cosmological evolutionary models
corresponding to phantom/non-phantom eras, power-law solutions as well as
de Sitter universe can be discussed in this theory [5].
A wormhole (WH) is defined as a hypothetical bridge or tunnel that pro-
vides a shortcut across the spacetime for long distances. Inter-universe WH
allows a path of communication between distant patches of distinct space-
times while a subway connecting distant regions of the same spacetime is
dubbed as an intra-universe WH. The simplest solution of the Einstein field
equations representing this hypothetical connecting shortcut is Schwarzschild
WH also known as Einstein-Rosen bridge [6]. Schwarzschild WH does not
allow two-way travel (non-traversable WH) due to the presence of strong
tidal gravitational forces at WH throat which would destroy anything that
tries to pass through. Moreover, it evolves with time such that expansion
(circumference increases from zero to finite) and contraction (shrinks to zero)
of WH throat are very rapid and it does not allow anything to pass through
the tunnel. Schwarzschild WH possesses highly unstable antihorizon that
changes to a horizon even when light passes through it, thereby closing the
WH throat. To overcome these drawbacks, Morris and Thorne [7] gave the
concept of traversable WHs. They observed that these WHs must be sus-
tained by the matter which violates the null energy condition (NEC) dubbed
as exotic matter. The presence of this unrealistic form of matter pushes the
walls of WH apart and prevents the WH throat to shrink.
The search for alternative source of violation such that ordinary mat-
ter meets the energy conditions has always been a subject of great interest.
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Brane WHs, dynamical WH solutions, non-commutative geometry, general-
ized Chaplygin gas, modified theories of gravity, etc provide a source that
helps to minimize the usage of exotic matter to support the WH geometry
[8]. In modified theories of gravity, the effective energy-momentum tensor
(includes higher-curvature terms and ordinary matter variables) acts as a
source of violation required for the traversability and thus provides a possibil-
ity for the existence of realistic WH. Furey and DeBenedicts [9] investigated
WH solutions for R2 and R−1 theories of gravity and found the positivity of
weak energy condition (WEC) in the neighborhood of WH throat. Lobo and
Oliveira [10] discussed static spherically symmetric WH solutions and found
that realistic WH geometries threaded by ordinary matter can be formed in
f(R) gravity.
Azizi [11] explored WH geometries and found that NEC is satisfied for
barotropic matter configuration in f(R, T ) gravity. The physically accept-
able WH solutions are observed for barotropic fluid in the background of
f(R) gravity [12]. Sharif and Rani [13] studied static spherically symmet-
ric WH solutions for exponential as well as logarithmic forms of generalized
teleparallel gravity and found that WEC is violated in galactic halo region
for both models. Mehdizadeh et al. [14] discussed realistic traversable WH
solutions in Einstein GB gravity. We have explored WH geometries for trace-
less, isotropic as well as barotropic matter distributions and concluded that
realistic WH solutions exist in f(G) gravity only for radial barotropic fluid
[15]. Zubair and his collaborators [16] investigated WH solutions and found
that stable physically acceptable WH solutions exist for anisotropic matter
configuration.
In this paper, we explore static spherically symmetric WH solutions for
anisotropic, isotropic and barobropic matter distributions in f(G, T ) gravity.
The paper has the following format. In the next section, we discuss basic
concepts related to f(G, T ) gravity, WH geometry as well as energy condi-
tions. Section 3 is devoted to construct WH solutions using three types of
fluid for specific f(G, T ) model. In section 4, we summarize the results.
3
2 Field Equations for Wormhole Construc-
tion
The action for f(G, T ) gravity is defined as [4]
I =
∫ (
R + f(G, T )
2κ2
+ Lm
)√−gd4x, (1)
where Lm, κ2 and g denote the Lagrangian density associated with matter
configuration, coupling constant and determinant of the metric tensor, re-
spectively. Varying the action (1) with respect to gαβ, we obtain the fourth
order field equations as follows
Gαβ = κ
2T effαβ = κ
2(Tαβ + T
GT
αβ ), (2)
where Gαβ and T
eff
αβ represent Einstein tensor and effective energy-momentum
tensor, respectively. The expression for T GTαβ is given by
κ2T GTαβ =
1
2
gαβf(G, T )− TαβfT (G, T )−ΘαβfT (G, T )− 2RRαβfG(G, T )
+ 4R ζα RζβfG(G, T ) + 4RαγβδRγδfG(G, T )− 2R γδζα RβγδζfG(G, T )
− 2RgαβfG(G, T )− 4R ζα ∇β∇ζfG(G, T )− 4R ζβ ∇α∇ζfG(G, T )
+ 2R∇α∇βfG(G, T ) + 4gαβRγδ∇γ∇δfG(G, T ) + 4RαβfG(G, T )
− 4Rαγβδ∇γ∇δfG(G, T ),
where fT (G, T ) = ∂f(G, T )/∂T, fG(G, T ) = ∂f(G, T )/∂G,  = ∇2 = ∇α∇α
and ∇α is a covariant derivative whereas tensor Θαβ has the form [17]
Θαβ = g
γζ δTγζ
δgαβ
= gαβLm − 2gγζ ∂
2Lm
∂gαβ∂gγζ
− 2Tαβ ,
with the assumption that the matter Lagrangian density depends only on
gαβ. The energy-momentum tensor for anisotropic matter distribution is
Tαβ = (ρ+ Pt)uαuβ − Ptgαβ + (Pr − Pt)ηαηβ , (3)
where uα, ηα, ρ, Pr and Pt represent the four velocity, unit four-vector in
radial direction, energy density, radial and tangential pressures of the fluid,
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respectively. For anisotropic configuration, we take Lm = ρ, the resultant
expression for Θαβ becomes
Θαβ = ρgαβ − 2Tαβ . (4)
The static spherically symmetric line element describing the geometry of
traversable WH is given by [7]
ds2 = e2ψ(r)dt2 −
(
1− χ(r)
r
)−1
dr2 − r2dθ2 − r2 sin2 θdφ2, (5)
where ψ(r) and χ(r) are the generic functions of r known as red-shift and
shape functions, respectively. The first function ψ(r) measures the magnitude
of gravitational red-shift of a photon while geometry of WH is determined by
χ(r). For the traversability of WH, ψ(r) must be finite everywhere to satisfy
the no-horizon condition. The shape function must represent the increasing
behavior with respect to r such that (1−χ(r)/r) > 0 throughout the tunnel
to maintain the WH geometry. In addition, the value of χ(r) and r must
be same at throat, i.e., χ(rth) = rth. The fundamental condition known as
flaring-out condition, given by (ψ(r)−ψ′(r)r)/ψ2(r) > 0, needs to be satisfied
throughout the evolution while the constraint χ′(rth) < 1 should be imposed
at the throat. Also, the asymptotically flatness condition, χ(r)/r → 0 as
r →∞, must be fulfilled.
Using Eqs.(3)-(5) in (2), we obtain the following set of field equations
κ2ρ =
χ′
r2
− 1
2
f(G, T ) + 1
2
GfG(G, T ) + 2
r4
(rχ′ − χ)
(
2− 3χ
r
)
f ′G(G, T )
+
4χ
r3
(
1− χ
r
)
f ′′G(G, T ), (6)
κ2Pr =
[
2ψ′
r
(
1− χ
r
)
− χ
r3
+
1
2
f(G, T )− 1
2
GfG(G, T )− 4ψ
′
r3
(3χ− 2r)
×
(
1− χ
r
)
f ′G(G, T )− ρfT (G, T )
](
1 +
fT (G, T )
κ2
)−1
, (7)
κ2Pt =
[(
ψ′
r
+ ψ′2 + ψ′′
)(
1− χ
r
)
+
1
2r3
(1 + rψ′)(χ− χ′r) + 1
2
f(G, T )
− 1
2
GfG(G, T ) + 2
r
(
1− χ
r
){
2(ψ′2 + ψ′′)
(
1− χ
r
)
− 3ψ
′
r2
(χ′r
− χ)} f ′G(G, T ) +
4ψ′
r
(
1− χ
r
)2
f ′′G(G, T )− ρfT (G, T )
]
5
×
(
1 +
fT (G, T )
κ2
)−1
, (8)
where prime is the derivative with respect to r and T = ρ−Pr−2Pt whereas
GB invariant has the following expression
G = 4
r4
[
ψ′(χ− χ′r)
(
2− 3χ
r
)
− 2rχ(ψ′2 + ψ′′)
(
1− χ
r
)]
. (9)
The above system of equations (6)-(8) shows that the generic function f(G, T )
has a direct dependence on matter variables therefore, it would be difficult
to find the explicit expressions for ρ, Pr and Pt. The favorable approach
to solve this system for matter contents is to choose f(G, T ) = F (G) +
F(T ) with F(T ) = ΥT , where Υ is an arbitrary constant. This simplest
choice of f(G, T ) function does not involve the direct curvature-matter non-
minimally coupling and is considered as the correction to f(G) gravity. For
this particular f(G, T ) form, we simplify the equations (6)-(8) as follows
ρ =
1
2(1 + 2Υ)
[(
2 + 5Υ
1 + Υ
)
Ω1 +Υ(Ω2 + 2Ω3)
]
, (10)
Pr =
−1
2(1 + 2Υ)
[(
Υ
1 + Υ
)
Ω1 − (2 + 3Υ)Ω2 + 2ΥΩ3
]
, (11)
Pt =
−1
2(1 + Υ)(1 + 2Υ)
[
ΥΩ1 +Υ(1−Υ)Ω2 + 2(1−Υ)2Ω3
]
, (12)
where κ2 = 1 and
Ω1 =
χ′
r2
− 1
2
F (G) + 1
2
GFG(G) + 2
r4
(rχ′ − χ)
(
2− 3χ
r
)
F ′G(G)
+
4χ
r3
(
1− χ
r
)
F ′′G (G),
Ω2 =
1
(1 + Υ)
[
2ψ′
r
(
1− χ
r
)
− χ
r3
+
1
2
F (G)− 1
2
GFG(G)− 4ψ
′
r3
(3χ− 2r)
×
(
1− χ
r
)
F ′G(G)
]
,
Ω3 =
1
(1 + Υ)
[(
ψ′
r
+ ψ′2 + ψ′′
)(
1− χ
r
)
+
1
2r3
(1 + rψ′)(χ− χ′r)
+
1
2
F (G)− 1
2
GFG(G) + 2
r
(
1− χ
r
){
2(ψ′2 + ψ′′)
(
1− χ
r
)
− 3ψ
′
r2
6
× (χ′r − χ)}F ′G(G) +
4ψ′
r
(
1− χ
r
)2
F ′′G (G)
]
.
It is worth mentioning here that the above equations reduce to f(G) gravity
for Υ = 0 while general relativity (GR) is recovered when the contribution
of generic function vanishes, i.e., F (G) = 0 with Υ = 0 [15].
Energy conditions are used to discuss physically realistic matter configu-
ration that are originated from Raychaudhuri equations. These constraints
are imposed on the energy-momentum tensor and possess an interesting fea-
ture that they are coordinate invariant. The Raychaudhuri equations de-
scribe the temporal evolution of expansion scalar (θ) for the congruences of
timelike (vα) and null (lα) geodesics as [18]
dθ
dτ
− ωαβωαβ + σαβσαβ + 1
3
θ2 +Rαβv
αvβ = 0,
dθ
dτ
− ωαβωαβ + σαβσαβ + 1
2
θ2 +Rαβl
αlβ = 0,
where ωαβ and σαβ represent the rotation and shear tensors, respectively.
For non-geodesic (timelike or null) congruences, the temporal evolution for
expansion scalar changes in the presence of acceleration term as [19]
dθ
dτ
− ωαβωαβ + σαβσαβ + 1
3
θ2 +Rαβv
αvβ −A = 0, (13)
the auxiliary termA = ∇α(uβ∇βuα) represents divergence of four-acceleration
dubbed as acceleration term which appears due to the non-gravitational
force (pressure gradient). Using the condition of attractive nature of gravity
(θ < 0) and neglecting the quadratic terms, the Raychaudhuri equations for
non-geodesic congruences reduce to
Rαβv
αvβ −A ≥ 0, Rαβlαlβ −A ≥ 0.
In terms of energy-momentum tensor, the above inequalities take the form(
Tαβ − 1
2
gαβT
)
vαvβ −A ≥ 0,
(
Tαβ − 1
2
gαβT
)
lαlβ −A ≥ 0. (14)
In modified theories of gravity, these inequalities are obtained by replacing
Tαβ with T
eff
αβ since Raychaudhuri equations possess purely geometric nature.
In f(G, T ) gravity, we find that massive test particles follow the non-geodesic
trajectories due to the presence of an extra force [4]. The above inequalities
(14) with T effαβ provide the null, weak, strong (SEC) and dominant (DEC)
energy conditions as
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• NEC: ρeff + P effi −A ≥ 0, i = 1, 2, 3,
• WEC: ρeff + P effi −A ≥ 0, ρeff −A ≥ 0,
• SEC: ρeff + P effi −A ≥ 0, ρeff +
∑
i P
eff
i −A ≥ 0,
• DEC: ρeff ± P effi −A ≥ 0, ρeff −A ≥ 0,
where ρeff and P eff represent the effective energy density and pressure, re-
spectively. The null energy condition is considered as the fundamental energy
bound whose violation leads to the violation of all energy constraints. It is
worth mentioning here that the non-geodesic energy bounds in GR can be
obtained by replacing ρeff and P eff with usual matter contents ρ and P , re-
spectively. In the absence of acceleration term, i.e., for geodesic congruences,
one can recover the usual energy conditions in f(G, T ) gravity [4].
For the traversability of WH, the basic property is the violation of NEC
in GR. This violation prevents the WH throat to shrink and leads to the
physically unrealistic WH solutions. The modified theories of gravity provide
T effαβ as an alternative source to meet the violation of NEC. In this regard,
these theories may have an opportunity for usual matter configuration to
fulfil the energy constraints. Using the field equations (2), we obtain NEC
in f(G, T ) gravity
ρeff + P effr −A =
(
rχ′ − χ
r3
)(
1− rψ
′
2
)
− (ψ′2 + ψ′′) (1− χ
r
)
, (15)
where the acceleration term for Eq.(5) is given by
A =
(
1− χ
r
)[
ψ′′ + ψ′2 +
2ψ′
r
]
− ψ
′
2r2
(rχ′ − χ) . (16)
In the absence of acceleration term, the expression (15) becomes identical to
f(G) gravity [15].
3 Wormhole Solutions
In this section, we investigate WH solutions by taking three different types
of matter distribution for specific form of ψ(r) and viable F (G) model. We
assume the finite red-shift function as [20]
ψ(r) = −λ
r
, λ > 0, (17)
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which meets the no-horizon condition as well as shows asymptotically flatness
behavior at large distances, i.e., ψ(r)→ 0 as r →∞. The expression for GB
invariant (9) takes the form
G = 4λ
r7
[
(2r − 3χ)(χ− rχ′)− 2χ(λ− 2r)
(
1− χ
r
)]
. (18)
We consider the following algebraic power-law form as [21]
F (G) = µGa(1 + νGb), (19)
where a, b, µ and ν are arbitrary constants. Under certain conditions on
these model parameters, this realistic model does not possess any four types
of finite-time future singularities as well as efficiently describes the current
cosmic acceleration. Using Eqs.(17) and (19), the expressions for Ωi’s in the
field equations (10)-(12) become
Ω1 =
χ′
r2
− 1
2
µGa(1 + νGb) + 1
2
µGa[a + µ(a+ b)Gb] + 2µ
r4
(rχ′ − χ)
×
(
2− 3χ
r
)[
a(a− 1) + ν(a + b)(a + b− 1)Gb]Ga−2G ′ + 4χ
r3
(
1− χ
r
)
×
[
aµ(a− 1)Ga−2
{
G ′′ + (a− 2)G
′2
G
}
+ µν(a+ b)(a + b− 1)Ga+b−2
×
{
G ′′ + (a+ b− 2)G
′2
G
}]
, (20)
Ω2 =
1
(1 + Υ)
[
2λ
r3
(
1− χ
r
)
− χ
r3
+
1
2
µGa(1 + νGb)− 1
2
µGa[a+ ν(a + b)
× Gb]− 4µλ
r5
(3χ− 2r)
(
1− χ
r
){
a(a− 1) + ν(a+ b)(a + b− 1)Gb}
× Ga−2G ′] , (21)
Ω3 =
1
(1 + Υ)
[
λ
r4
(λ− r)
(
1− χ
r
)
+
1
2r4
(r + λ)(χ− rχ′) + 1
2
µGa(1 + νGb)
− 1
2
µGa[a + ν(a + b)Gb] + 2λµ
r5
(
1− χ
r
){
2(λ− 2r)
(
1− χ
r
)
− 3(rχ′ − χ)} [a(a− 1) + ν(a+ b)(a + b− 1)Gb]Ga−2G ′
+
4λ
r3
(
1− χ
r
)2{
aµ(a− 1)Ga−2
(
G ′′ + (a− 2)G
′2
G
)
+ µν(a+ b)
9
× (a+ b− 1)Ga+b−2
(
G ′′ + (a+ b− 2)G
′2
G
)}]
. (22)
In the following subsections, we analyze possible WH solutions for anisotropic,
isotropic as well as barotropic matter distributions.
3.1 Anisotropic Fluid
We consider the specific form of shape function as
χ(r) = rth
(rth
r
)n
, (23)
where n is an arbitrary constant. This satisfies all the necessary conditions
of shape function for the existence of traversable WH. The asymptotically
flatness condition is fulfilled for this specific form of χ(r). At the throat,
the condition χ(rth) = rth trivially holds while the validity of χ
′(rth) < 1
is achieved for n > −1. Lobo and Oliveira [10] investigated WH solutions
in f(R) gravity for n = −1/2, 1 with this form of χ(r). Zubair and his
collaborators [16] studied static spherically symmetric WH solutions for n =
1/2, 1 and −3 in the background of f(R, T ) gravity. For n = 1/2, Pavlovic
and Sossich [22] explored the existence of WH geometries for different forms
of generic f(R) function. Using Eq.(23) in (20)-(22), we have
Ω1 = − n
r2
(rth
r
)n+1
− 1
2
µGa(1 + νGb) + 1
2
µGa[a + ν(a + b)Gb]
− 2µ
r3
(n+ 1)
(rth
r
)n+2 [
2− 3
(rth
r
)n+1]
[a(a− 1) + ν(a + b)
× (a + b− 1)Gb]Ga−2G ′ + 4
r2
(rth
r
)n+1 [
1−
(rth
r
)n+1]
[aµ(a− 1)
× Ga−2
{
G ′′ + (a− 2)G
′2
G
}
+ µν(a+ b)(a + b− 1)Ga+b−2
×
{
G ′′ + (a+ b− 2)G
′2
G
}]
, (24)
Ω2 =
1
(1 + Υ)
[
2λ
r3
{
1−
(rth
r
)n+1}
− 1
r2
(rth
r
)n+1
+
1
2
µGa(1 + νGb)
− 1
2
µGa[a+ ν(a + b)Gb]− 4µλ
r4
{
3
(rth
r
)n+1
− 2
}{
1−
(rth
r
)n+1}
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× {a(a− 1) + ν(a + b)(a + b− 1)Gb}Ga−2G ′] , (25)
Ω3 =
1
(1 + Υ)
[
λ
r4
(λ− r)
{
1−
(rth
r
)n+1}
+
1
2r3
(r + λ)(n+ 1)
(rth
r
)n+1
+
1
2
µGa(1 + νGb)− 1
2
µGa[a + ν(a + b)Gb] + 2µλ
r5
{
1−
(rth
r
)n+1}
×
[
2(λ− 2r)
{
1−
(rth
r
)n+1}
+ 3rth(n+ 1)
(rth
r
)n]
[a(a− 1)
+ ν(a + b)(a + b− 1)Gb]Ga−2G ′ + 4λ
r3
{
1−
(rth
r
)n+1}2
[aµ(a− 1)
× Ga−2
{
G ′′ + (a− 2)G
′2
G
}
+ µν(a+ b)(a + b− 1)Ga+b−2
×
{
G ′′ + (a+ b− 2)G
′2
G
}]]
, (26)
where the expression for GB invariant (18) is given by
G = 4λ
r6
(rth
r
)n+1 [
r(n+ 1)
{
2− 3
(rth
r
)n+1}
− 2(λ− 2r)
{
1−
(rth
r
)n+1}]
.
Substituting Eq.(23) in (15), the non-geodesic NEC in f(G, T ) gravity re-
duces to
ρeff + P effr −A =
λ
r3
(
2− λ
r
)[
1−
(rth
r
)n+1]
− (n+ 1)
r2
(
1− λ
r
)(rth
r
)n+1
.
(27)
The violation of this energy bound for different values of n is shown in
Figure 1 with λ = 0.01 and rth = 1. This violation provides a possibility to
search for physically acceptable WH solutions in the presence of anisotropic
matter distribution. For this purpose, we take appropriate values of param-
eters to check the behavior of energy conditions for ordinary matter. Figure
2 shows the validity of NEC as well as WEC throughout the evolution for all
three considered values of n with µ = 1, ν = −1, a = 0.2 and b = 0.25. This
choice of model parameters corresponds to the case a > 0, b > 0, a 6= 1 and
b 6= 1 restricted with 0 < a + b < 1/2 and µν < 0 to avoid all four types of
finite-time future singularities [21]. The behavior of both energy conditions
for the cases a > 0, b < 0 and a 6= 1 with 0 < a < 1/2 and µ < 0 is given
in Figure 3. We set µ = −1, ν = 1, a = 0.2 and b = −0.25 as an example
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Figure 1: Plots of NEC versus r for n = 1 (blue), 0.5 (red) and −0.5 (green).
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Figure 2: Plots of ρ − A (blue), ρ + Pr − A (red) and ρ + Pt − A (green)
versus r with Υ = 0.05, µ = 1, ν = −1, a = 0.2 and b = 0.25. The upper
case for n = 1 (left) and n = 0.5 (right) while lower case for n = −0.5.
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Figure 3: Plots of ρ − A (blue), ρ + Pr − A (red) and ρ + Pt − A (green)
versus r with Υ = 0.05, µ = −1, ν = 1, a = 0.2 and b = −0.25. The upper
case for n = 1 (left) and n = 0.5 (right) while lower case for n = −0.5.
and find that these model parameters meet the energy bounds in the region
2 ≤ r ≤ 10.
The third possibility to avoid the finite-time future singularities is gener-
ally described by a < 0, b > 0 and b 6= 1 while the constraint a + b < 1/2
with µν < 0 is also imposed on model parameters. In this case, we arbitrarily
choose the values µ = −1, ν = 1, a = −0.01 and b = 0.25 to analyze the va-
lidity of energy conditions given in Figure 4. It is observed that the realistic
WH solutions exist in the regions 3.2 ≤ r ≤ 10, 3.5 ≤ r ≤ 10 and 4 ≤ r ≤ 10
for n = 1, 0.5 and −0.5, respectively. Thus, the physically acceptable region
decreases as the value of n decreases. Figure 5 shows that NEC as well as
WEC remain positive in the region 4 ≤ r ≤ 10 with the choice of model pa-
rameters a < 0, b < 0 and µ < 0 particularly for µ = −1, ν = 1, a = −0.01
and b = −0.25. In this case, WH geometries are also sustained by normal
matter.
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Figure 4: Plots of ρ − A (blue), ρ + Pr − A (red) and ρ + Pt − A (green)
versus r with Υ = 0.05, µ = −1, ν = 1, a = −0.01 and b = 0.25. The upper
case for n = 1 (left) and n = 0.5 (right) while lower case for n = −0.5.
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Figure 5: Plots of ρ − A (blue), ρ + Pr − A (red) and ρ + Pt − A (green)
versus r with Υ = 0.05, µ = −1, ν = 1, a = −0.01 and b = −0.25. The
upper case for n = 1 (left) and n = 0.5 (right) while lower case for n = −0.5.
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3.2 Isotropic Fluid
For isotropic matter configuration P = Pr = Pt, Eqs.(11) and (12) lead to
[Υ(1−Υ) + (1 + Υ)(2 + 3Υ)]
[
2λ
r3
(
1− χ
r
)
− χ
r3
+
1
2
µGa(1 + νGb)
− 1
2
µGa[a+ ν(a + b)Gb]− 4µλ
r5
(3χ− 2r)
(
1− χ
r
)
{a(a− 1) + ν(a+ b)
× (a+ b− 1)Gb}Ga−2G ′]+ 2[(1−Υ)2 −Υ(1 + Υ)]
[
λ
r4
(λ− r)
(
1− χ
r
)
+
1
2r4
(r + λ)(χ− rχ′) + 1
2
µGa(1 + νGb)− 1
2
µGa[a+ ν(a + b)Gb]
+
2λµ
r5
(
1− χ
r
){
2(λ− 2r)
(
1− χ
r
)
− 3(rχ′ − χ)
}
[a(a− 1) + ν(a+ b)
× (a+ b− 1)Gb]Ga−2G ′ + 4λ
r3
(
1− χ
r
)2 {
aµ(a− 1)Ga−2 (G ′′ + (a− 2)
× G
′2
G
)
+ µν(a+ b)(a + b− 1)Ga+b−2
(
G ′′ + (a+ b− 2)G
′2
G
)}]
= 0,
(28)
where the value of G is given in Eq.(18). This differential equation is highly
non-linear in χ(r) which cannot be solved analytically. To find its solution, we
use the numerical technique and display the corresponding results in Figure
6. The graphical behavior of χ(r) is given in the upper left panel which shows
that the positivity of
(
1− χ
r
)
is fulfilled throughout the evolution. The right
panel indicates that the WH throat is located approximately at rth = 0.2239
for which χ(r)− r approaches to zero but fails to cross the radial axis to get
the exact value of rth. The asymptotically flatness condition is not satisfied
as given in the lower left case while the right plot shows that the condition
χ′(rth) < 1 is obeyed. In Figure 7 (left), the violating behavior of effective
NEC indicates that f(G, T ) gravity provides T effαβ as a required alternative
source while the right panel shows the plots of ρ−A (blue) and ρ+ P −A
(red). It is observed that both NEC as well as WEC are positive in the
region 0.715 ≤ r < 1 and hence realistic traversable tiny WH can be formed
for isotropic fluid.
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Figure 6: Plots of χ(r), χ(r)− r, χ(r)
r
and χ′(r) versus r for µ = 1, ν = −1,
a = 0.2, b = 0.25, λ = 0.01 and Υ = 0.05.
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Figure 7: Plots of energy conditions for same values.
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3.3 Barotropic Fluid
In this case, we explore the WH geometries using barotropic equation of state
for both radial as well as tangential pressures. For radial pressure, we take
Pr = wρ (w is an equation of state parameter), Eqs.(10) and (11) give
[2w + (1 + 5w)Υ]
[
χ′
r2
− 1
2
µGa(1 + νGb) + 1
2
µGa[a+ µ(a+ b)Gb]
+
2µ
r4
(rχ′ − χ)
(
2− 3χ
r
)[
a(a− 1) + ν(a + b)(a + b− 1)Gb]Ga−2G ′
+
4χ
r3
(
1− χ
r
)[
aµ(a− 1)Ga−2
{
G ′′ + (a− 2)G
′2
G
}
+ µν(a + b)(a+ b− 1)
× Ga+b−2
{
G ′′ + (a + b− 2)G
′2
G
}]]
− [2− (w − 3)Υ]
[
2λ
r3
(
1− χ
r
)
− χ
r3
+
1
2
µGa(1 + νGb)− 1
2
µGa[a + ν(a+ b)Gb]− 4µλ
r5
(3χ− 2r)
(
1− χ
r
)
× {a(a− 1) + ν(a + b)(a + b− 1)Gb}Ga−2G ′]+ 2Υ(1 + w)
[
λ
r4
(λ− r)
×
(
1− χ
r
)
+
1
2r4
(r + λ)(χ− rχ′) + 1
2
µGa(1 + νGb)− 1
2
µGa[a + ν(a + b)
× Gb] + 2λµ
r5
(
1− χ
r
){
2(λ− 2r)
(
1− χ
r
)
− 3(rχ′ − χ)
}
[a(a− 1)
+ ν(a + b)(a + b− 1)Gb]Ga−2G ′ + 4λ
r3
(
1− χ
r
)2 {
aµ(a− 1)Ga−2
×
(
G ′′ + (a− 2)G
′2
G
)
+ µν(a + b)(a+ b− 1)Ga+b−2
×
(
G ′′ + (a + b− 2)G
′2
G
)}]
= 0, (29)
which we solve numerically for χ(r) and present the results in Figure 8. The
positively increasing evolution of χ(r) is shown in the upper left case while
the right plot gives the value of WH throat radius. In this case, the throat
is located at rth = 0.1572 such that χ(rth) = rth. The lower panel (left)
indicates non-asymptotically flat behavior of χ(r) whereas the constraint
χ′(r) < 1 is satisfied at r = rth (right). The left plot of Figure 9 indicates
negativity of NEC for T effαβ while the right panel shows that NEC as well
as WEC for ordinary matter distribution described by ρ − A ≥ 0 (blue),
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Figure 8: Plots of χ(r), χ(r)− r, χ(r)
r
and χ′(r) versus r for w = −0.1.
ρ+ Pr − A ≥ 0 (red) and ρ+ Pt −A ≥ 0 (green) are satisfied in the region
0.66 ≤ r ≤ 0.90. Thus, the WH geometries are supported by ordinary matter
in this case.
In case of tangential pressure, we consider the barotropic equation of state
of the form Pt = wρ. To analyze the possible existence of WH solutions,
Eqs.(10) and (12) give third order differential equation in χ(r) as
(1 + Υ)[2w + (1 + 5w)Υ]
[
χ′
r2
− 1
2
µGa(1 + νGb) + 1
2
µGa[a+ µ(a+ b)
× Gb] + 2µ
r4
(rχ′ − χ)
(
2− 3χ
r
)[
a(a− 1) + ν(a + b)(a + b− 1)Gb]
× Ga−2G ′ + 4χ
r3
(
1− χ
r
) [
aµ(a− 1)Ga−2
{
G ′′ + (a− 2)G
′2
G
}
+ µν(a + b)(a+ b− 1)Ga+b−2
{
G ′′ + (a+ b− 2)G
′2
G
}]]
+ Υ[(1 + w)
− (1− w)Υ]
[
2λ
r3
(
1− χ
r
)
− χ
r3
+
1
2
µGa(1 + νGb)− 1
2
µGa[a+ ν(a + b)
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Figure 9: Plots of energy conditions for same values.
× Gb]− 4µλ
r5
(3χ− 2r)
(
1− χ
r
){
a(a− 1) + ν(a + b)(a+ b− 1)Gb}
× Ga−2G ′]+ 2[wΥ(1 + Υ) + (1−Υ)2]
[
λ
r4
(λ− r)
(
1− χ
r
)
+
1
2r4
(r + λ)
× (χ− rχ′) + 1
2
µGa(1 + νGb)− 1
2
µGa[a + ν(a+ b)Gb] + 2λµ
r5
(
1− χ
r
)
×
{
2(λ− 2r)
(
1− χ
r
)
− 3(rχ′ − χ)
} [
a(a− 1) + ν(a+ b)(a + b− 1)Gb]
× Ga−2G ′ + 4λ
r3
(
1− χ
r
)2{
aµ(a− 1)Ga−2
(
G ′′ + (a− 2)G
′2
G
)
+ µν(a + b)(a+ b− 1)Ga+b−2
(
G ′′ + (a+ b− 2)G
′2
G
)}]
= 0. (30)
We solve this equation numerically and corresponding results are displayed
in Figure 10. Similar behavior of χ(r), χ(r)
r
and χ′(r) are obtained as in the
previous cases. The throat is located at rth = 0.1585 where the curve χ(r)−r
approaches to zero. The left panel of Figure 11 shows the violation of NEC
in f(G, T ) gravity throughout the evolution. The graphs of ρ−A ≥ 0 (blue),
ρ + Pr − A ≥ 0 (red) and ρ + Pt − A ≥ 0 (green) exhibit positive values in
the interval 0.66 ≤ r ≤ 0.90 as shown in Figure 11 (right). Thus, a micro
WH can be formed in this physically acceptable region.
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Figure 10: Plots of χ(r), χ(r)− r, χ(r)
r
and χ′(r) versus r for w = −0.04.
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Figure 11: Plots of energy conditions for same values.
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4 Final Remarks
In this paper, we have analyzed static spherically symmetric traversable WH
solutions in f(G, T ) gravity using anisotropic, isotropic as well as barotropic
matter distributions. For this purpose, we have considered a particular model
f(G, T ) = F (G) + F(T ) with specific form of ψ(r) satisfying the no-horizon
condition. In f(G, T ) gravity, test particles follow non-geodesic trajectories
due to the presence of extra force which appears as a consequence of non-
zero divergence of the energy-momentum tensor [4]. For the non-geodesic
congruences, the divergence of four-acceleration appears in the evolution of
expansion scalar [19]. Consequently, the four fundamental energy conditions
for non-geodesic congruences are also affected due to the presence of this
auxiliary term. We have formulated these non-geodesic energy constraints
to explore the existence of realistic WH solutions in this gravity.
For anisotropic fluid, we have considered viable form of χ(r) which meets
all necessary conditions of traversable WH geometry and analyzed the behav-
ior of energy conditions. This analysis is carried out for four possible choices
of F (G) model parameters such that they avoid all four types of finite-time
future singularities. For isotropic and barotropic (satisfied by radial as well as
tangential pressures) matter distributions, we have solved the corresponding
differential equations numerically to examine the behavior of χ(r). The non-
asymptotically flat shape functions satisfying the basic requirements for WH
geometry are obtained in each case. The violation of NEC defined in f(G, T )
gravity is observed throughout the evolution for all three types of matter dis-
tribution. This violation confirms the traversability of WH solutions while
the positivity of NEC as well as WEC for ordinary matter contents assure
the existence of physical acceptable WH geometries in certain regions.
In f(G) gravity, we have found that realistic WH solutions exist only for
barotropic fluid satisfied by radial pressure [15]. This difference may be due
to the curvature-matter coupling present in f(G, T ) gravity. We can conclude
that this curvature-matter coupled theory provides an alternative source for
the existence of realistic WH solutions.
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